Abstract. Molecular tumor markers hold considerable promise for accurately predicting the recurrence and progression of colorectal cancer (CRC) in patients. However, in the majority of cases, single marker analysis has been found to have low accuracy, and is of little practical use in clinical practice. The present study investigated the prognostic value of the combined detection of the protein expression of metastasis suppressor 23-H1 (Nm23-H1) and p53 using immunohistochemical analysis, and the mRNA expression levels were analyzed using reverse transcription-quantitative polymerase chain reaction in 110 cases of stage II and III CRC. The results revealed that the expression levels of Nm23-H1 in CRC tissues were lower, compared with those in normal tissues (χ 2 =18.249; P<0.001), and the protein expression levels of p53 were higher in the CRC tissues (χ 2 =23.940; P<0.001); although the mRNA expression levels of Nm23-H1 and p53 presented with the same trend. The protein expression of Nm23-H1 was correlated with lymph node metastases (χ 2 =11.847; P=0.001) and pathological patterns (χ 2 =6.911; P=0.032). However, it did not correlate with patient gender or age, or with tumor World Health Organization classification or invasive depth (P>0.05). No significant correlation was observed between the expression of p53 and clinicopathological features (P>0.05). Patients with CRC with Nm23-H1(+)/p53(-) tumors had increased survival rates, with a five-year overall survival rate of 83.8% and a five-year disease-free survival rate of 70.2%. The five-year overall survival rates in other study cohorts were lower, compared with the Nm23-H1(+)/p53(-) group (P<0.0125), and this was the same for the five-year disease-free survival rate (P<0.0125). In conclusion, the present study demonstrated that the combined detection of the protein expression of Nm23-H1 and p53 was associated with the long term survival rates of patients with stage II and III CRC; and this may offer potential for use as a predictor of survival rates in patients with CRC.
Introduction
Colorectal cancer (CRC) is the third most common type of cancer and the leading cause of cancer-associated mortality in men and women in the United States (1). The same trends in incidence and mortality rates are present in China, with its incidence rapidly increasing by 4.2% each year (2) . Metastases is the predominant cause of cancer-associated mortality. The most important CRC prognostic factor in clinics is the American Joint Committee on Cancer tumor-node-metastasis (TNM) staging, which is determined by the depth of invasion, the involvement of pericolorectal lymph nodes and distant metastasis (3) . It is generally considered that patients with stage II and III CRC have favorable prognoses. However, data have shown that the rate of recurrence and metastasis for these patients is as high as 30% (4) . In previous years, several molecular factors have been examined as prognostic and predictive factors for CRC, including small mothers against decapentaplegic 4, BRAF and extracellular signal-regulated kinase 1/2 (5,6). However, efficient clinical predictive markers to guide the screening of patients with CRC at high risk of recurrence and metastasis remain to be elucidated. Therefore, it is essential to identify novel prognostic and predictive factors for CRC, other than the TNM stage, in order to minimize adverse effects and maximize therapeutic effects in treating patients with CRC.
The development of CRC is a complex process based on the accumulation of several genetic factors, including alterations in oncogenes, tumor suppressor genes, and genes associated with DNA damage and repair (7) . The Nm23-H1 gene is a metastasis suppressor gene, the low expression of which can promote tumor occurrence and metastasis during tumor progression (8) . As Nm23-H1 was originally identified as a metastasis suppressor protein, its expression has been correlated with tumor metastatic potential in various types of human carcinoma, primarily in ductal breast cancer (9) and CRC (7) . Low expression levels of Nm23-H1 have been associated with poor prognosis in gastric adenocarcinoma, breast cancer, hepatocellular carcinoma and ovarian carcinoma (9) (10) (11) (12) . p53 is a transcription factor involved in regulating cell cycle arrest and apoptosis in response to DNA damage and cellular stress, and is thereby critical in protecting cells from malignant transformation (13, 14) . It has been shown that analysis of the expression of p53 offers considerable promise for accurately predicting recurrence and progression rates in patients with tumors, including gastric cancer (15) and breast cancer (16) . Although the value of the expression of p53 in the prognosis of patients with CRC has been widely investigated (17, 18) , data analysis on the use of the expression of p53 for long-term survival rate prediction in patients with CRC is limited (17) .
The present study aimed to investigate the expression levels of Nm23-H1 and p53 in stage II and III CRC tissues, and examine their association with the clinicopathological features of the patients and tumors. The effect of the combined detection of Nm23-H1 and p53 on the survival rates of patients with CRC was also evaluated.
Materials and methods

Patients and specimens.
A total of 110 paraffin-embedded samples were collected from patients with CRC who underwent surgery at the First Affiliated Hospital of Xi'an Jiaotong University (Xi'an, China) between 2001 and 2006. Medical records of patients enrolled in the study were retrospectively analyzed. Pathological diagnoses were classified in accordance with the World Health Organization (WHO) criteria (19) , and staging was performed according to the American Joint Committee on Cancer TNM classification (20, 21) . In addition, 53 cases of paraffin-embedded normal colorectal specimens were included from patients who underwent colorectal biopsy by colonoscopy. The present study was approved by the Ethics Committee of the First affiliated Hospital of Xi'an Jiaotong University.
Among the 110 patients with CRC, 58 (52.73%) were men and 52 (47.27%) were women; 44 (40.00%) patients were <60 years old and 66 (60.00%) were >60 years old. Immunohistochemical analysis. Immunohistochemical staining for p53 and Nm23-H1 was performed using a standard avidin-biotin complex method. All specimens were fixed in 10% neutral-buffered formalin overnight at room temperature, embedded in paraffin and cut into 4-µm-thick sections. Subsequently, the sections were deparaffinized in xylene baths and rehydrated with a series of ethanol solutions for 5 min each. A microwave was used for antigen retrieval for 30 min in 0.01 M of sodium citrate. Following blocking of endogenous peroxidase activity with 5% hydrogen peroxidase for 10 min, incubation with the primary antibody was performed for 2 h at room temperature. Mouse monoclonal antibody against p53 (sc-47698; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) was used at 1:500 dilution, and a mouse monoclonal antibody against Nm23-H1 (sc-514515; Santa Cruz Biotechnology, Inc.) was used at 1:100 dilution. The sections were then incubated with horseradish peroxidase-conjugated secondary antibody (SP-9002; Zhongshan Golden Bridge Biotechnology, Peking, China) at room temperature for 30 min. The tissue sections were then washed in tris-buffered saline for 10 min, with 3-amino-9-ethylcarbazole used as a chromogen, and hematoxylin counterstaining was performed.
Under a light microscope (Olympus BX53; Olympus Corporation, Tokyo, Japan), p53 protein staining was observed to be localized in the nucleus, and Nm23-H1 protein was primarily expressed in the cytoplasm. Positive staining was visible as brown-yellow nuclear/cytoplasmic staining for the respective antibody. Antigen expression was evaluated in a semi-quantitative manner. Immunoreactivity was scored based on the immunoreactive cell percentage and staining intensity of each slide in each low power field of three randomly selected microscopic fields per slide (magnification, x100). The immunoreactive cell percentage was defined as follows: Staining index 0, tissue with no staining; staining index 1, tissue with faint or moderate staining in <25% of tumor cells; staining index 2, tissue with moderate or marked staining in 25-75% of tumor cells; staining index 3, tissue with marked staining in >75% of tumor cells. In addition, the staining intensity, compared with the background, was defined as follows: 0, colorless; 1, cream-colored; 2, brown-yellow; 3, tan. The mean product of these two indices from three fields was defined as the final score: 0-2 (-), 3-4 (+), 5-7 (++), 8-9 (+++).
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis.
Tissues were cut and incubated with diethylpyrocarbonate. After full grinding, the tissue suspension obtained through the strainer was collected and used for RNA extraction. Total RNA was extracted from the frozen tumor and normal colorectal tissue suspensions using an RNA fast 200 kit (Fastagen Biotechnology, Co., Ltd., Shanghai, China). The RT reaction was performed using a PrimeScript RT Reagent kit (Takara Bio, Inc., Otsu, Japan). Subsequently, SYBR Premix EX Taq TM II (Takara Bio, Inc,) was used to perform qPCR analysis, according to the manufacturer's protocols, and the results were detected using a Prism 7500 real-time PCR detection system (Applied Biosystems; Thermo Fisher Scientific, Waltham, MA, USA). ). The reaction conditions were as follows: 94˚C for 3 min, followed by 25 cycles of 94˚C for 30 sec, 59.6˚C for 30 sec and 72˚C for 30 sec. Oligonucleotide primers for p53, Nm23-H1 and GAPDH were synthesized by Sangon (Sangon Biotech Co., Ltd., Shanghai, China). The primer sequences were as follows: p53 forward, 5'-CCT CAG CAT CTT ATC CGA GTG G-3' and reverse, 5'-TGG ATG GTG GTA CAG TCA GAG C-3'; Nm23-H1 forward, 5'-TTG ACC GGG GTA GAG AAC TC-3' and reverse, 5'-TCT CAG TAC TTC CCG TGA CC-3-'; and GAPDH forward, 5'-AGG TCC ACC ACT GAC ACG TT-3' and reverse, 5'-GCC TCA AGA TCA GCA AT-3'. GAPDH was used as an internal reference gene. The relative mRNA expression levels were calculated using the delta-delta quantification cycle method, as follows: Delta Ct = Ct Target -Ct GAPDH . (22) .
Follow-up.
The patients with CRC enrolled in the present study were followed up at the outpatient clinic, or by telephone call or letter. Follow-up was performed once every 3 months in the first year following surgery, and once every 6 months subsequently. As of December 2011, the follow-up duration for the 110 cases ranged between 4 and 102 months, with a median duration of 72 months.
Statistical analysis. Statistical analysis was performed using SPSS software version 17.0 (SPSS, Inc. Chicago, USA). Data are presented as the mean ± standard deviation. Enumeration data were analyzed using the χ 2 -test. Student's t-test was used for comparison between two groups. Bonferroni correction was used in multiple comparisons. Survival analysis was performed using Kaplan-Meier curves and associated log-rank tests. Correlation analysis was assessed by Spearman's test for ranked data. P<0.05 was considered to indicate a statistically significant difference
Results
Protein expression of Nm23-H1 and p53 in CRC and normal colon tissues. Positive Nm23-H1 immunostaining was detected in 57.3% (63/110) of the CRC cases (Fig. 1A-C) , and in 90.6% (48/53) of the normal tissue samples (Fig. 1D) . The expression levels of Nm23-H1 in the CRC tissues were significantly lower, compared with those in the normal tissues (χ 2 =18.249; P<0.001). In addition, a significant correlation was observed between lymph node metastasis and the expression of Nm23-H1 (χ 2 =11.847, P=0.001). CRCs with lymph node metastasis stained positively for Nm23-H1 in 40.7% (22/54) of the cases, whereas the CRC samples without lymph node metastasis stained positively for Nm23-H1 in 73.2% (41/56) of the cases. A significant difference was also observed in Nm23-H1 staining according to the WHO classification of the tumors. It was found that 63.0% (58/92) of the adenocarcinoma tissues, 33.3% (4/12) of the mucinous carcinoma tissues and 20.0% (1/5) of the undifferentiated carcinoma tissues stained positively for Nm23-H1 (χ 2 =6.911; P=0.032). However, no correlations were found between the protein expression of Nm23-H1 and the other clinicopathologic features of the patients and tumors, including gender (P=0.492), age (P=0.208), tumor location (P=0.487), tumor size (P=0.741), grade (P=0.500) and invasive depth (P=0.081). The results of these analyses are presented in Table I .
The protein expression levels of p53 in CRC tissues varied. Positive staining was observed as brown granules, predominantly localized in the nucleus. Positive p53 staining was observed in 80 CRC cases (72.7%; Fig. 1E-G) , whereas 30 of the normal tumors were found to be negative for the protein expression of p53 (Fig. 1H) . Compared with this observation for CRC tumors, only three cases were positive Table I .
Correlation between the protein expression of Nm23-H1 and p53 in CRC tissues. The Nm23-H1-positive CRC cases were divided based on staining intensity: 19 cases were 1+, 27 cases were 2+ and 17 cases were 3+. The 80 p53-positive cases were also divided based on staining intensity: 27 cases were 1+, 30 cases were 2+, and 23 cases were 3+ (Table II) . The correlation between the protein expression of Nm23-H1 and p53 was analyzed using Spearman's test, and the results revealed that the protein expression of p53 was negatively correlated with the protein expression of Nm23-H1 (r s =-0.400; P<0.001).
mRNA expression of Nm23-H1 and p53 in CRC and normal colon tissues. As shown in Fig. 2 , the Nm23-H1 gene expression levels at the transcriptional level were found to be significantly increased in the normal colorectal tissues, compared with the CRC tissues (P<0.05). By contrast, the mRNA expression levels of p53 were significantly decreased in the normal colorectal tissues, compared with the CRC tissues (P<0.05).
Association between the protein expression levels of Nm23-H1 and p53 and prognosis. The overall survival (OS) rates of the 110 patients with CRC were 4-102 months, with a median OS (mOS) rate of 55 months. The disease-free survival (DFS) rates of patients was 4-89 months, with a median DFS (mDFS) rate of 48 months. The OS and DFS curves are presented in Fig. 3A and B. In addition, further stratified analyses of prognosis with different protein expression levels of Nm23-H1 and p53 was performed. There was a statistical difference in the five-year survival rate of patients with various Nm23-H1 and p53 expression statuses (χ 2 =33.429, P<0.001). Patients with Nm23-H1(+)/p53(-) tumors had improved prognosis, and the five-year survival rate (83.8%) was significantly higher, compared with that in patients with Nm23-H1(-)/p53(+) tumors (20.00%; P= 0.008), Nm23-H1(+)/p53(+) tumors (23.8%; P<0.001) and Nm23-H1(-)/p53(-) tumors (30.8%; P<0.001), respectively. In addition, no significant differences in prognosis were found among the latter three subgroups (P>0.0125). The five-year DFS rate revealed a similar trend as the five-year OS rate (χ 2 =18.108, P<0.001). The five-year DFS rates of patients with Nm23-H1(+)/p53(-) tumors (70.2%) were significantly higher, compared with those in patients with Nm23-H1(+)/p53(+) tumors (16.7%; P<0.001) and patients with Nm23-H1(-)/p53(-) tumors (30.8%; P= 0.002), however, no significant difference in five-year DFS rates were found between patients with Nm23-H1(+)/p53(-) tumors and patients with Nm23(-)/p53(+) tumors (20.00%; P= 0.047; Table III ). Taken together, these data showed that patients with Nm23-H1(+)/p53(-) CRC tumors had improved long-term survival rates (Fig. 3C-D) .
Discussion
Molecular tumor markers hold considerable promise for accurately predicting the recurrence and progression of cancer in patients. At present, several markers have been reported to predict the prognosis of patients with CRC, including p53, ki67 and matrix metalloproteinase-2 (18) . The Nm23 gene is located at the long arm of chromosome 17 and consists of three subtypes, namely H1, H2 and H3 (23) . Nm23-H1 is a tumor metastasis suppressor gene, and numerous studies have shown that it is crucial in regulating cell proliferation and differentiation (24, 25) . Of note, Nm23-H1 has been shown to be negatively correlated with tumor metastases and prognosis in oophoroma (26) and lung cancer (27) . However, its involvement in CRC remains to be fully elucidated (28, 29) . In the present study, Nm23-H1 protein was positively expressed in 63 of 110 CRC tumor cases, whereas almost all normal colorectal tissues were found to be Nm23-H1-positive (48/53). The gene expression levels of Nm23-H1 were found to be significantly increased in normal colorectal tissues, compared with CRC tissues. The protein expression of Nm23-H1 further decreased in samples with lymph node metastases. It has been revealed (30) that Nm23-H1 can inhibit metastasis in lung cancer by inhibiting epithelial-mesenchymal transition, however, the mechanism of action of Nm23-H1 in CRC remains to be elucidated. It is may be that the high expression level of Nm23-H1 is involved in decreasing CRC cell infiltration and metastasis by reducing tumor cell motility. In the present study, significant differences in the expression and pathological patterns of Nm23-H1 were found. The data showed that the rates of positive protein expression of Nm23-H1 in the undifferentiated carcinoma and mucinous carcinoma were lower, compared with that of adenocarcinoma, which may be one of the reasons for poor prognosis.
The p53 gene is a tumor suppressor gene located in the short arm of chromosome 17, and is key in controlling tumor evolution and progression (31) . In normal cells, p53 can induce cell cycle arrest at the G0/G1 phase and cell apoptosis; and when it is mutated, as in the case of several types of tumor, p53 loses its regulatory role and promotes tumor progression (32) . Deregulation of cell-cycle machinery involving alterations in p53 is common in bladder cancer (33) , breast cancer (34), lung cancer (35) and CRC (36). Significant differences in p53 staining between CRC tissues and normal control tissues have been reported in previous studies (17, 18) . The results of studies have varied; certain studies have revealed that the protein expression of p53 is lower in CRC tissues, compared with normal colorectal tissues (37) , whereas other studies have shown its expression was higher in CRC (38, 39) . Significant differences in the protein and mRNA expression levels of p53 between CRC and normal colorectal tissues were also found in the present study. The protein and mRNA expression levels of p53 were markedly higher in the CRC tissues, compared with the normal controls tissues The cohort of patients the present study comprised patients with stage II and III CRC. This may be one of the reasons causing high protein expression levels of p53. In addition, other studies have demonstrated that tumor differentiation is correlated with the expression of p53 (35, 36, 38) ; wherein, the lower the degree of tumor differentiation, the higher the protein expression of p53. p53 has been confirmed as an important prognostic marker for patients with CRC (28) . However, in the present study, no significant correlation was found between the protein expression of p53 and the clinical pathological features of the patients with CRC or their tumors. Negative  1+  2+  3+  Total   Negative  5  6  13  7  31  1+  15  1  11  3  30  2+  16  10  3  6  35  3+  11  2  0  1  14   Total  47  19  27 17 110 Figure 2 . mRNA expression levels of Nm23-H1 and p53 in CRC and normal colorectal tissues. mRNA expression levels of Nm23-H1 were significantly lower in CRC tissues, compared with normal tissues. mRNA expression levels of p53 were significantly higher in CRC tissues, compared with normal colorectal tissues. * P<0.05, vs CRC tissues. CRC, colorectal cancer.
As colorectal tumorigenesis is a complex process, it is evident that the usefulness of a single marker for the prediction of prognosis is limited. Therefore, identifying novel molecular markers or the combined detection of two or more tumor markers is warranted.
In the present study, significant differences were found in the five-year OS rates and five-year DFS rates of patients with CRC with different Nm23-H1 and p53 expression status. Patients with Nm23-H1(+) /p53 (-) tumors had a good prognosis, and their five-year OS and five-year DFS rates were markedly higher, compared with those observed in patients with other Nm23-H1/p53 combined protein expression statuses. The functional association between Nm23-H1 and p53 proteins remains to be elucidated. The regulation of Nm23-H1 by p53 differs in different types of cancer. For example, a negative correlation has been reported in gastric cancer (40) . Other studies have indicated marked heterogeneity in the expression of p53 and Nm23-H1 in squamous cell lung cancer (41) . In CRC, the expression of Nm23-H1 enhances the inhibition of tumor metastasis and tumor cell invasion, whereas negative expression of the p53 protein is associated with the inhibition of cancer cell proliferation (42) . It is possible that these two proteins act synergistically and affect each other, leading to decreases in tumor cell growth and the invasive ability of cancer cells; thus, prolonging patient survival rates. Therefore, the combined detection of the Nm23-H1 and p53 proteins may provide clinically useful information on the biological behavior and prognosis of CRC. Based on the results of the present study, it can be concluded that the combined Table III . Association between the protein expression levels of Nm23-H1 and p53 and prognosis. A B C D detection of Nm23-H1 and p53 offers potential for predicting the prognosis of patients with CRC with stage II and III tumors. However, future investigations clarifying the functional association of these two mediators in the progression of CRC and other tumors are warranted. It can be concluded that two different protein markers be considered when evaluating the clinical outcome of patients with CRC. The combined detection of the protein expression of Nm23-H1 and p53 may provide an index for accurately predicting the prognosis of CRC by providing information on malignancy and biological behaviors.
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